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Renal arteriovenous malformation (RAVM) is a rare disease. On post-mortem histopathological examinations, RAVMs appear with an incidence of around 0.04% [1] . They are found more often in females than in males and are more common in the right kidney than in the left kidney. The causes of pathological connections between renal arteries may be congenital or iatrogenic -mainly as a consequence of a biopsy or due to renal carcinomas and postinflammatory changes. RAVMs may cause heart failure and hemorrhage following rupture of the malformation. Computed tomography, ultrasound Doppler and angiography are the main diagnostic tools used for the detection of RAVMs. DSA (digital subtraction angiography) of the renal arteries can precisely determine the location, renal blood supply and hemodynamic changes, which helps make appropriate therapeutic decisions. For this reason, angiography is regarded as the gold standard for the diagnosis of this type of malformation.
The aim of our work is to present a case of endovascular treatment of RAVM accompanied by an aneurysm with the use of NBCA mixed with lipiodol. Based on the available literature, this method has been used sparsely.
Case Report
A 29-year-old woman with drug-resistant hypertension, 150/110 mmHg, was admitted to the Department of Vascular Surgery for an elective angiography of RAVM, which was previously diagnosed on an ultrasound Doppler examination. Angiography showed an expanded, extended and tortuous dorsal branch of the right renal artery, which supplied around 5% of the renal parenchyma. Additionally, an aneurysm (21 mm) appeared in the proximity of the arteriovenous fistula (Figure 1 ). An accelerated blood flow in the fistula was noted (Figure 2 ). The remaining part of right kidney was supplied by regular branches of renal arteries. Based on DSA and following a cardiological consultation, the patient was qualified for endovascular treatment. The aim of the procedure was to close the fistula of the right renal artery branch. The risk of deactivating the right renal parenchyma was estimated to be 5%.
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The procedure was performed by puncturing the right femoral artery under local anesthesia using the Seldinger technique. Aortography was performed using a pig-tail diagnostic catheter. Angiography showed an elongated, expanded renal artery branch with an aneurysm (21 mm in diameter). The artery supplied 20% of the right renal parenchyma. In the next stage, a guiding catheter (Envoy 5 F) was placed in the right renal artery and then a micro-catheter (Progreat, Terumo) was introduced selectively into the tortuous branch. Then, NBCA mixed with lipiodol at a concentration of 60% was injected into the malformation. A control angiography showed a complete occlusion of both the aneurysm and the fistula. Twenty percent of the renal parenchyma was excluded. The perioperative period was without complications. Dexamethasone at a dose of 8 mg was recommended for the subsequent 4 days after the intervention. The patient was discharged after 5 days of hospitalization with a recommendation to perform a follow-up angio-CT after 3 months and after one year. A follow-up angiography confirmed an effective exclusion of both the aneurysm and the fistula (Figure 3 ) [2] .
Discussion
Arteriovenous malformation of the kidney was described for the first time in 1928. Since then, nephrectomy has been regarded as the mainstay of treatment. Endovascular procedures changed the approach to treating malformations. Renal artery embolization is considered as a modern and minimally invasive intervention. Lately, it has become the mainstay of treatment for RAVMs. Despite the advantages of transcutaneus embolization, the procedure carries some risks of complications. The risk is much higher when fistulas are high-flow lesions.
Embolization of a renal fistula requires a complete occlusion of the artery feeding the malformation with the aim to save as much of the renal parenchyma as possible. This depends mainly on a proper selection of the technique of embolization. There is no standard protocol for RAVM treatment [3] . Nagumo et al. described a successful treatment of a 7-cm renal arteriovenous malformation using coils [4]. Uchikawa et al. described the treatment of renal artery malformations in a group of six patients. They used NBCA as embolization material and coils were additionally implanted in two patients. In four cases, there were complications as the glue migrated into the venous system. Clinical symptoms of these complications were not observed. In all 6 cases, a therapeutic effect was achieved [5] .
Young et al. described the treatment in two pregnant women with RAVM. Embolization was performed with different embolization materials -gel foam and glue. The perioperative period was complicated by a post-embolization syndrome in a patient treated with the gel foam. A therapeutic effect and regression of clinical symptoms were achieved in both cases [1] .
Suzuki et al. described Onyx-based treatment in a 65-yearold women with RAVM. No adverse effects were seen. Clinical symptoms regressed. Five months later, a followup angio-CT showed a selective closure of supplying vessels [6] .
Ahmed Kamel Abdel-Aal et al. described treatment of an arteriovenous fistula with hydrogel coils. During the intervention, one of the coils migrated into the venous system and got stuck in the left pulmonary artery. The coil was removed by an endovascular procedure through the femoral vein. Subsequently, in order to prevent migration of embolization materials, an occlusion balloon was placed in the renal vein and 300 units of thrombin were injected straight into the malformation. A follow-up angiography showed occlusion of the fistula. The perioperative period was without complications. A follow-up angio-CT, performed after two months, showed recanalization of the fistula. The patient was treated by embolization with the use of 6-mm AVP 2. During the follow-up period, no complications occurred. A follow-up angio-CT, performed after 4 and 10 months, confirmed an effective treatment [7] .
In comparison to the above-described attempts, the method we used seems to be quite effective and relatively safe, if performed by an experienced interventional radiologist. It can achieve an instant occlusion of fistulas or AVMs with accompanying aneurysms, which constitutes a serious clinical problem. Renal aneurysms always carry the risk of peritoneal hemorrhage or serious blood loss and are therefore considered life-threatening. Hence, the method which was used, i.e. a direct injection of NBCA, appeared appropriate for solving this difficult problem.
We would like to draw attention to our case for several reasons. First, because of the aneurysm that accompanied the malformation. Second, because of the fact that a large fistula with a high blood flow was treated solely with NBCA.
Conclusions
NBCA can be used alone to embolize RAVMs. Procedures involving a combination of NBCA and lipiodol are difficult and should be performed by experienced specialists.
